Symptomatic flatfoot is a prevalent disorder. We undertook a review of 50 feet in 39 patients with flexible flatfoot treated between August 2000 and January 2008 in order to evaluate the modified Kidner-Cobb procedure. Overall clinical results were rated as good in 48 (96%) feet and fair in 2 (4%) feet, and there were no poor results. Average follow-up was 4.6 years, and total recovery time was 5.7 months in older patients and 3.7 months in children. Manual muscle-strength testing revealed no difference in tibialis anterior strength between the operated and contralateral extremity. All patients visually demonstrated postoperative elevation of the medial longitudinal arch height. Complications included 2 feet with wound dehiscence and 1 foot with fractured hardware. The results of this review indicate that the modified Kidner-Cobb procedure is a useful treatment option for patients with symptomatic flexible flatfoot with posterior tibial tendon dysfunction stage 2.
Flatfoot refers to a collapsed medial column from either weight bearing or non-weight bearing. Either acquired or developmental, flatfoot has been described as calcaneal eversion with an adducted and plantarflexed talus causing medial arch collapse and dorsal lateral forefoot subluxation (1) . This deformity can be developmental in nature, presenting as pediatric or adolescent flexible flatfoot (2) . If untreated, a pediatric or adolescent flatfoot deformity may deteriorate with age and progress to painful conditions in the adult (3) .
For the adult, those individuals 18 years of age, the acquired flexible flatfoot deformity has been associated with the dysfunction of the posterior tibial tendon (Tables 1 and 2 ) (4). The etiology of posterior tendon dysfunction (PTTD) can be mechanical in nature and has been reported in people with past medical history of hypertension, diabetes mellitus, steroid use, peripheral vascular disease, obesity, and renal and heart disease (5, 6) . Often, the patient with PTTD is a woman 43 to 60 years of age with comorbidities (7).
The Kidner and Cobb procedures and various modifications have been reported in the literature and used for the surgical management of PTTD stage II (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Stage II disease entails edema of the tibialis posterior tendon (TPT), which becomes elongated and nonfunctional. The foot has adopted a pes planovalgus position and is flexible with the exception of the tight Achilles tendon. The ability to reduce the flexible stage II PTTD deformity separates it from rigid stage III PTTD.
The original Kidner procedure, described in 1929, addressed the pre-hallux or accessory navicular bone causing a change in the biomechanics and resulting in a decreased ability to invert the foot (10) . The procedure was therefore done mainly on patients with a symptomatic accessory navicular bone and not necessarily on patients with only a PTTD. Kidner discussed the relationship of the symptomatic accessory navicular to pes planus, stating there was an alteration of the line of pull of the TPT as a result of the accessory navicular prominence (10) (11) (12) . This imbalance was thought to produce excessive pronation of the foot and an impingement of the accessory navicular upon the medial malleolus, causing painful bursa and tibialis posterior tendonitis with dysfunction (10) . Therefore, Kidner advocated not only removal of the accessory navicular, but also relocation of the TPT to the undersurface of the navicular. Other studies refute Kidner's theory and suggest that the accessory navicular bone only acts as an irritant (11, 12) . Prichasuk and Sinphurmsukskul studied the result of the Kidner procedure in 28 patients and found that 96% had good results (9) . The modified Kidner procedure includes the resection of an accessory navicular and/or a prominent navicular tuberosity with advancement of the tibialis posterior (TP) tendon insertion.
Preceding the Cobb procedure, Lowman in 1923 reported the use of the tibialis anterior tendon (TAT) as a sling beneath the navicular to repair symptomatic flatfeet (13) . Years later in 1979, the Cobb procedure used a split TAT to augment the TPT for repair of stage II PTTD (14) . Three retrospective studies of the Cobb procedure with limited number of subjects revealed approximately 80% to 85% of the patients had at least some improvement over the preoperative condition (15) (16) (17) . In 2007, Knupp and Hintermann treated 22 consecutive patients with the Cobb procedure for stage 2 PTTD. The results of this study yielded a 96% success (18) .
The purpose of this study was to evaluate functional results and patient satisfaction of those who had the modified Kidner-Cobb procedure for the symptomatic pes planovalgus and/or TPT dysfunction Mueller stage II (Table 2 ). Table 3) . Each surgeon evaluated patient recovery time as the amount of time in months needed for recommencement of pain-free daily activities as well as return to daily shoe gear. The chart review was conducted, standardizing the postoperative functional results based on an earlier significant study by Prichasuk and Sinphurmsukskul, who compared postoperative pain levels, activity levels, and shoe fit (9) .
Patients and Methods

Three
The clinical inclusion criteria for patients to be considered for the modified KidnerCobb consisted of patients with marked foot discomfort because of decreased ability to walk pain-free distances greater than 100 feet, and with adult patients with a gradual progressive appearance of a flatfoot despite the use of foot orthoses and/or supportive braces. The adult patients presenting with TPT dysfunction Mueller stage 2 were identified by clinical examinations that documented: forefoot abduction, passively correctable hindfoot valgus, talar head prominence, loss in medial arch contour, pain along the course of the tendon, pain with active inversion of the foot against resistance, and the single heel raise test (19) . Preoperative radiographic evaluations involved moderate subluxation of the talonavicular joint, increase in cuboid abduction on the calcaneus, and no evidence of degenerative joint disease (20) (21) (22) . When magnetic resonance image scans were performed, longitudinal splits and intramural degeneration were noted consistent with stage 2 TPT dysfunction (19, 20, 23) .
The exclusion criteria consisted of patients presenting with rigid deformities, arthropathies, neuromuscular disorders, and connective tissue disorders, and patients with prior foot surgery. All patients initially presented with pain described as aching, throbbing, or cramping at the medial longitudinal arch, lateral sinus tarsi region, heel, or posterior calf, which caused decreased general physical activity such as in walking, jumping, or running. The aforementioned patients attempted conservative treatment options for at least 6 months to 1 year before surgery. Conservative treatment consisted of anti-inflammatory medication, injection therapy, physical therapy, and custommade orthotic devices. Only the patients with recalcitrant symptoms were considered for surgical intervention. Obese patients, for the purposes of this investigation, were defined as individuals with a body mass index > 30 (obesity) ( Table 4) . Ancillary procedures were defined as calcaneocuboid arthrodesis, calcaneal osteotomy, subtalar arthroereisis, percutaneous tendo-Achilles lengthening, or all of the above procedures (Table 5 ). Patients were examined before and after the surgery by means of interview, clinical examination, and radiographic inspection to determine the status of bone healing. Pain, qualitative height of the medial longitudinal arch, and muscle strength were considered. Muscle strength was clinically assessed via inspection for atrophy or hypertrophy, and by placing the joint acted upon by the muscle-tendon complex in the end range-of-motion position, thereby providing the tendon with maximum mechanical advantage and yielding the most accurate clinical test of muscle strength. [20] 1986 Location of the tendon rupture Rosenberg et al [21] 1988 Chronic ruptures according to computed tomography Johnson and Strom [22] 1989 Pain symptoms, physical findings, and radiographic changes Mueller [27] 1991 Increasing severity Conti et al [23] 1992 Magnetic resonance image findings Frankel et al [33] 1995 Clinical, radiographic, and magnetic resonance image findings Weinraub and Heilala [34] 2000 Combining soft tissue and osseous grading systems Grade 1 obesity, overweight 30.0-39.9
Grade 2 obesity, obese > 40
Grade 3 obesity, morbid obesity MBA, Maxwell Bracheau Subtalar Arthroresis.
The grading system was as follows: normaldfull resistance at end range of motion, gooddmild to moderate resistance at end range of motion, fairdable to move against gravity only, poordable to move only after elimination of the influence of gravity, tracedvisible or palpable contraction without gross joint motion, and nonedno clinical evidence of muscle contraction (24) .
Surgical Technique
The modified Kidner-Cobb procedure is performed through a 10-to 15-cm curvilinear incision made over the dorsomedial aspect of the longitudinal arch, which allows exposure of the tibialis anterior and tibialis posterior tendons (Figure 1 ). After identification of the TAT and posterior tendons, a linear capsulotomy is made superior to the insertion of the TPT that extends to the level of the talar head and neck. The capsule, periosteum, and insertion of the TP tendon were reflected from the navicular tuberosity region, the quality of the tendon was inspected, and, depending on the amount of calcification, the tissue was excised. Using an osteotome, the prominent navicular tuberosity and accessory navicular were removed (Figure 2 ). The capsule, periosteum, and insertion of the TP tendon was then advanced along the medial longitudinal arch, with the foot in supination, and sutured into the exposed cancellous navicular bone and adjacent soft tissue. The TP tendon was under mild tension at this point. Then, the TAT was centrally split from its insertion, using saline solution-soaked umbilical tape, to a point as far proximal as the tape could be advanced (Figure 3 ). The exposed medial half was then freed at the proximal end, leaving it attached at the insertion. This freed tendon was then transferred deep to the TP tendon and sutured while the foot was held supinated (Figure 4) . The remaining length of the transected TAT was then woven into the TP tendon, after which the wound was closed in layers.
The patients were kept in a non-weight-bearing short leg cast for 6 weeks. Patients were then able to begin partial weight bearing with an ankle foot orthosis with a compression stocking to control lower leg edema for an additional 2 to 4 weeks. Physical therapy was started at the time of partial weight bearing and consisted of muscle strengthening, range-of-motion exercises, low-voltage muscle stimulation therapy, and whirlpool. Additional procedures such as percutaneous tendo-Achilles lengthening and/or subtalar arthroereisis were incorporated as necessary. The percutaneous tendo-Achilles lengthening was performed for patients with equinus deformities. The subtalar arthroereisis was added for patients with flexible flatfoot to control excessive subtalar joint pronation.
Results
A statistical description of the entire cohort is depicted in Table 6 . There were 39 patients with a mean age of 32.3 years (range, 5-70 years). The procedure was performed on 28 right feet and 22 left feet, and 11 patients had the procedure on both feet. There were 18 pediatric patients and 21 adult patients. The average postoperative follow-up was 4.6 years (range, 2-8 years). As measured by manual muscle testing, patients postoperatively did not experience decreased power in the anterior tibial tendon when compared with the contralateral side (25) . Moreover, postoperatively, patients verbalized that the pain and fatigue of the involved foot and the leg had been reduced. Standardization of our postoperative functional results was based on earlier work by Prichasuk and Sinphurmsukskul, who compared postoperative pain, activity, and shoe fit (9) . The clinical results (Table 3 ) for each foot (N ¼ 50) procedure were rated as follows: 48 (96%) good and 2 (4%) fair, and there were no poor results. The patients with good results were free of pain as measured by the Wong visual analog scale, wore non custom shoes, did not require use of braces or a cane, and were able to participate in daily activities without restrictions (26) . Postoperative patients demonstrated a visual increase in the height of the medial longitudinal arch when the involved foot was compared with the contralateral side ( Figure 5 ). There were 3 complications related to the operation: 2 (4%) wound dehiscences and 1 (2%) case of fractured hardware. And, as noted above, the anterior tibial tendon did not show a decrease in power after transfer, as measured by manual muscle testing. Children aged 18 years recovered faster from surgery than did adults, and they were able to return to off-the-shelf shoe gear with unrestricted daily activities on average 3.7 months (20%) faster than their adult counterparts, who required 5.7 months for these same activities (Table 7) . Furthermore, patients who underwent postoperative physical therapy took significantly longer to recover (Table 8) . Obesity (body mass index > 30) had no significant (P ¼ .5) effect on the healing process for either age group (Tables 6 and 9 ). Univariate repeated measures regression analyses showed no significant difference in outcome when the medial column Kidner-Cobb procedure was compared in terms of ancillary procedures, including calcaneocuboid arthrodesis, calcaneal osteotomy, subtalar arthroereisis, percutaneous tendoAchilles lengthening, or all of the above ancillary procedures (Table 9 ).
Discussion
Anatomically, the symptomatic pes planovalgus foot is positioned lateral to the weight-bearing line of the leg and is caused by intrinsic bone misalignment and muscle imbalance. Intrinsic bone and joint misalignment, as demonstrated by the results of our retrospective cohort study, result from weakness of the TPT and are often aggravated by gastrocnemius or gastrosoleus equinus (4, 27) . Hence, restoring the forces that act to lift the medial arch will improve function and reduce development of a flatfoot deformity. In those children or adults with hypermobility of the subtalar joint, an arthroereisis plug was used to decrease medial column pronatory forces and thereby restore anatomic alignment between the talus and calcaneus (28, 29) . In children, talocalcaneal realignment allows for correct bone positioning and adaptation of the involved articular facets (30) .
Early literature popularized the preferential use of the flexor digitorum longus tendon for either tenodesis and/or tendon transfer. The purpose of these procedures was to assist the dysfunctional TP tendon because it is in the same muscle group and innervated by the tibial nerve, as is the TP tendon. Isolated tendon transfers such as the tibialis anterior can also be used as part of reconstructive surgery for flexible flatfoot deformity in young patients without loss of function (18) . In 1997, Pomeroy and Manoli reviewed cases of stage 2 PTTD that were treated by flexor digitorum longus transfer to the medial cuneiform, tendo-Achilles lengthening, and medial displacement calcaneal osteotomy and found that there was significant radiological and clinical improvement compared with use of the FDL alone (31, 32) . There are other reports of successful outcomes with combined tendon and osseous procedures (8, 20, (32) (33) (34) .
The modified Kidner-Cobb procedure uses both the anterior tibial and posterior tibial tendons and has been shown from this review to be a useful surgical option for patients who present with evidence of the symptomatic pes planus secondary to an accessory navicular, hypertrophic navicular, and/or Mueller stage 2 TPT dysfunction regardless of age, gender, medical history, or body mass index > 30 (Tables 5 and 9) .
For each visit after surgery, there was no recurrence of painful flatfoot deformity. Despite a slight, unmeasured, visual loss of the medial longitudinal arch height months to years after the procedure, patients reported diminished pain and improved function during ambulation, hence improved activities of daily living. Arch height was not measured and weight-bearing radiographic measurements were not performed and are a clear failing of this review. Other recognized shortcomings of our investigation include the lack of a sensitivity analysis, which could have been undertaken in an effort to ascertain the resistance of our results to the potential influence of an unmeasured independent variable. Moreover, the surgeons who had performed the operations made some of the measurements, and this may have biased the results away from the null.
In conclusion, the above findings suggest that the modified KidnerCobb procedure can successfully be used in flexible flatfoot stage 2 to correct forefoot supination in selected patients. Concurrent procedures such as a subtalar arthroereisis or a calcaneal osteotomy to stabilize pronatory forces should also be considered when needed (Table 6 ). It is the authors' belief that long-term benefits of the aforementioned procedure help reduce the chances of return to the operating room for midtarsal joint and rearfoot joint-stabilizing procedures. 
